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Abstract 
The collection standard of mine land reclamation bond based on the ‘rational economic man’ theory is analyzed. There are 
three relations between the collection standard of the bond and the expected reclamation cost. Under each of the three relations, 
the choices and welfare levels of the regulatory authorities and the mining enterprises are analyzed respectively. It is indicated 
that the proper amount of the bond should equal to the reclamation cost. There are two approaches to calculate reclamation cost. 
One is based on ecosystem service value. The other is based on reclamation fee. The former is difficult to operate in practice for 
the result derived by this method has much difference from the payment ability of the mining enterprises. By comparison, it is 
easy to operate in practice to calculate reclamation cost through the calculation of the total sum of engineering reclamation fee, 
biological reclamation fee and other reclamation fee. Therefore, the approach of calculating reclamation cost based on 
reclamation fee should be adopted to calculate the amount of the bond the mine enterprises should submit.  
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1.  Introduction 
Bonding is a mechanism for enforcing contractual and regulatory provisions (Where the term ‘bond’ refers to 
financial instruments such as surety bonds, performance bonds, fidelity bonds, and letters of credit). In the context 
of mining operations, an enterprise posts a bond to the regulator that is released when reclamation is successfully 
completed. Otherwise, the enterprise forfeits the bond and the proceeds are used to finance reclamation.. The use of 
bonding mechanisms to ensure reclamation is pervasive worldwide [1]. Its validity has been verified by the 
experiences of many countries. In China, the practice of establishing the system of mine land reclamation bond 
began at the late 1990’s. By the end of the year 2007, there have been twenty provinces where mine land 
reclamation bond system is implemented [2].  
However, the system of mine land reclamation bond has not been established by the national law in China. There 
are still many problems that should be resolved, of which collection standard is the most important one. There is no 
uniform collection standard of mine land reclamation bond in China. In different provinces, the bonds were 
collected by different standards, such as the mine area, the output of minerals, etc [3].  
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 There have been some researches on the collection standard of mine land reclamation bond. Some studies show 
that the amount of reclamation bond should equal to the reclamation fee in the ‘worst case scenario’. By comparison, 
other studies show that the amount of reclamation bond should less than the expected reclamation cost, which can 
also oblige the mining enterprises to fulfill the obligation of reclamation.  
This paper reveals the reasonable collection standard of mine land reclamation bond based on economic theory. It 
can be the theoretical basis for the establishment of the system of mine land reclamation bond in the national law in 
China. The calculation approach of reclamation bond is then provided. 
2.  Economic-theory based analysis of the collection standard of mine land reclamation bond  
2.1. The theory basis 
According to the ‘rational economic man’ principle, each person in daily life is ‘rational economic man’, whose 
activities is rational and conforms to economic principle. When a person makes some economic decision, he always 
compares various possible schemes and chooses the scheme that can bring him the most benefit with the given 
money or labor.  
Similarly, the regulatory authorities and the mining enterprises involved in the system of mine land reclamation 
bond are also ‘rational economic men’. The regulatory authorities are non-profit organizations and the representa-
tives of the public benefit. For them, the main aim to establish reclamation bond system is not to collect reclamation 
fund but to urge the mine enterprises to fulfill the reclamation obligation. They pursue two goals, which are social 
welfare goal and welfare goal of themselves. The social welfare goal is to urge the mining enterprises to do 
reclamation work by bond submission. Thus, the principle of ‘who destroys, who reclaims’ can really be 
implemented. The welfare goal of themselves is to minimize their administrative and enforcement costs to achieve 
the given social welfare goal. The mining enterprises are economic organizations. Their dealing purpose is to spend 
lest cost and obtain most profit [4]. 
Therefore, when the proper collection standard of mine land reclamation bond is adopted, the welfares of mining 
enterprises and those of the regulatory authorities should come into balance. The amount of the bond set by the 
regulatory authorities is the amount that may maximize both the social welfares and the welfares of themselves. At 
the same time, the mining enterprises will choose to reclaim, which can also bring them the maximal profits.  
2.2. The establishment course of the collection standard of the bond 
For the mining enterprises, their decisions to reclaim or not largely rest on the contrast relations between the 
amount of the bond and the reclamation cost. Suppose the expected reclamation cost that mining enterprises will 
spend when they do reclamation work by themselves is E (CR). The relations between the amount of bond (B) and E 
(CR) are as follows: 
Case  one: B>E(CR)                                                                                 (1) 
Case  two: B=E(CR)                                                                                 (2) 
Case three: B<E(CR)                                                                                (3) 
In case one, apparently the enterprises will choose to reclaim. However, overmuch bond will overload the burden 
of the mining enterprises. For the regulatory authorities, their representative image of the public benefit will be 
damaged. The administrative cost will also increase because of the opposing of some enterprises, which will lead to 
reduction of the welfares of authorities themselves. Therefore, case one is not the best choice for the regulatory 
authorities. 
In case two, Suppose there are no other costs except the bond submitted, if some mining enterprisers have bad 
environment protection consciousness, or reclamation is difficult to do, these enterprises will choose not to reclaim. 
However, if these enterprises do so, their reputation will be damaged. There will be some obstacle on approving and 
granting of mining permit, and constraint of entering the mining industry etc. These lost on reputation are 
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immaterial assets of the enterprises, which are denoted by CI. The sum of the bond submitted and the reputation cost 
(CI) is the total cost of the enterprises when they don’t reclaim. The sum of B and CI is called the nonfulfillment 
cost and denoted by NFC. Apparently, the total amount of NFC is larger than the expected reclamation cost E (CR). 
Therefore, the enterprises will choose to reclaim in this case. The social welfare goal of the regulatory authorities is 
realized, and the welfare level of themselves is kept. 
In case three, the nonfulfillment cost NFC of the mining enterprises also consists of the bond B and reputation 
costs CI. It is difficult to judge that the mining enterprises will choose to reclaim or not. Only when NFC is larger 
than E (CR), the enterprises will chose to reclaim. But CI is in direct ratio to the sizes of mining enterprises which is 
denoted by M. The larger M is, the bigger CI is. For some small enterprises, CI has less constraint on them. 
Therefore, they incline ot to reclaim. It is just these small enterprises that are the chief body that destroy land and 
pollute environment severely in mining area. In this case, the social welfare goal of the reclamation regulatory 
authorities cannot be realized. Therefore, it is not the proper collection standard. 
Based on the above analysis, the proper collection standard of bond should equal to the expected reclamation cost 
E (CR). That is: 
B= E(CR)                                                                                          (4) 
In this case, the amount of nonfulfillment cost NFC is as follows: 
NFC=B+CI>E(CR)                                                                              (5) 
Here: CI∝ M. 
Figure 1 illustrates the relationship between the amount of the mine land reclamation bond and the welfare levels 
of the regulatory authorities and the mining enterprises. From this figure, it can be seen that when the amount of 
bond increases, the welfare level of mining enterprises decreases and that of the regulatory authorities increases. 













Fig.1. The relationship between the amount of mine land reclamation bond and the welfare levels of the regulatory authorities and the mining 
enterprises  
3.  Calculation approaches of mine land reclamation bond 
The above analysis shows that the proper bond collection standard should be the expected reclamation cost E 
(CR). The next problem to be solved is how to calculate E (CR). 
3.1. The calculation approach based on the value of the ecosystem service 
Theoretically, the reclamation cost E (CR) should be calculated according to the lost value of the ecosystem 
service, That is: 
E (CR)) 
Welfare level 
 Bond amount 
Regulatory authorities Mining enterprises 
Ο  








)(                                                                            (6) 
Here, n is the sum of the damaged ecosystem factors such as land, water, atmosphere etc. Vi is the service value 
of the damaged ecosystem factor i. k is the adjusting coefficient determined by location, type of ore and exploitation 
modes. 
From formula (6), it can be seen that once the service value of each ecosystem factor is calculated, the amount of 
reclamation cost E (CR) is determined. 
Ecosystem service function is the benefit directly or indirectly gained from the ecosystem by human beings [5]. 
Calculation of ecosystem service value is an important academic issue. For human beings, the value of ecosystem is 
very large. However, ecosystem service is unlike those services defined by traditional economics. Only small part of 
ecosystem service can be quantified and traded on market. Much ecosystem service is public goods or quasi-public 
goods, and can not be traded on market [6]. 
The methods used to calculate the value of ecosystem service include charge and expend method, market value 
method, resume and defend fee method, shadow engineering method and manpower capital method, etc. There are 
many researches about ecosystem service value, but the results differ greatly. Costanza evaluated seventeen kinds of 
service value of global ecosystem. The gross value per year reached 33268 billion dollars, of which the maximal is 
the circulation value of nitrogen which is 17075 billion dollars, and the minimal is protected value of soil which is 
also 53 billion dollars [7]. 
In fact, the values of ecosystem service derived by various methods are often difficult to be adopted in practice[6]. 
If reclamation cost is calculated by these methods, the amount of bond will be much larger than the payment ability 
of the mining enterprises. Therefore, the calculation approach based on the value of the ecosystem service is not 
suitable for calculating reclamation cost. 
3.2. The calculation approach based on reclamation fee 
Comparing with the above approach, the approach based on reclamation fee is easy to operate in practice. 
The course of land reclamation can be divided into two stages, which are engineering reclamation stage and 
biological reclamation stage. Therefore, reclamation fee consists of engineering reclamation fee, biological 
reclamation fee and other fee. That is: 
( )E CR C C C1 2 3= + +                                                                        (7) 
Here, E (CR) is the total expected reclamation cost. C1 is engineering reclamation fee. C2 is biological 
reclamation fee. C3 represents other fee. 
Engineering reclamation fee C1 are the total sum of the fee generated in the engineering reclamation stage, which 
consists of machinery use fee, level up fee of the roads, peeling off fee and covering fee of surface soil and other 
building fee of the accessorial establishments, etc [8]. 
Biological reclamation fee C2 is generated in the biological reclamation stage. It consists of planting fee and 
reclamation management fee. Planting fee consist of  the improvement fee of soil, fertilization fee, cultivation fee 
and insemination fee, etc. Reclamation management fee are the total sum of the management fee generated in 
biological reclamation stage, such as the management fee of cultivation, weeding fee, fertilization fee and irrigation 
fee, etc [8]. 
Other fee C3 is generated neither in the engineering reclamation stage nor in the biological reclamation stage. It 
consists of planning and designing fee before the execution of reclamation project, scientific research fee after the 
execution of reclamation project and other unpredictable fee, etc [8].  
Generally, engineering reclamation fee account for 95% of the total reclamation expenditure, and biological 
reclamation fee only account for 5% of the total reclamation expenditure [9].  
In China, mine land reclamation has been done for twenty years. There are lots of experiences on calculating 
reclamation fee, especially on engineering reclamation fee. These experiences can be referred when reclamation cost 
is calculated. 
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4. Conclusions  
The collection standard of mine land reclamation bond and its establishment course based on the ‘rational 
economic man’ theory are analyzed in this paper. It is drawn that the proper amount of the bond should equal to the 
expected reclamation cost. This study provides the theoretical basis for the establishment of a uniform collection 
standard of mine land reclamation bond in China. 
The calculation approaches of reclamation cost are also studied in this paper. It is suggested that the calculation 
approach based on reclamation fee should be adopted. More researches should be focused on the calculation of the 
reclamation cost based on this approach in future. 
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